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20.  show  marked  anisotropic  electrical  and  optical  properties.  Studies  have  shown 

that  rectifying  p-n  junctions  as  well  as  Schottky  barrier  junctions  can  readily 

be  fabricated  from  (CH)  . 
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DERIVATIVES 


by  Alan  C.  KacDlatald  (Department  of  Chaalatzy) 
and  Alta  3.  >H|tt  (Department  of  Phyalce), 
Dnlvarelty  of  Penaaylvaaia, 
Philadelphia.  PA  19104 


Polyacotyloao,  (CH)  1*  tha  alspleat  potalbla  conjugated  Organic  polymer 
and  la  tharafora  of  spacfal  fundamental  lataraac.  la  a  vsriea  of  atudlaa, 
Shlrakawa  at  al.  (1-4)  aoccaadad  la  aynthaalaiag  hlji  quality  polyeryatalUaa 
film  of  (CH)_  and  developed  rechnlquee  tor  Con  tre  Hina  tha  cla-trana  con  cant. 
(Plgura  ?.J .  *  - 


as 


Wr 


TRANS 

Titan  li  Cla-  and  trana-  poly acacy lana,  (CH)^ 

Tha  (CM)  /11a a  Jiava  a  laatrooa  allvary  appaaraaee;  thay  ara  flaxlbla  and  ap- 
paar  go  Sava  axe allant  aachaalcal  prepertlea.  Pilaw  eaa  ba  aada  ftaa  ataad- 
tat.  or  on  eubatratee  euch.ee  glaaa  or  natal.  PUaa  have  baan  oado  with 
thlchaaaa  varying  from  10_J  ea  to  0.S  cm. 


Polyacotylana  fllae  nay  bo  praparad  by  tlaply  watting  tha  Inalda  walla  of 
a  glaaa  raactor  vaeaal  with  a  toloaoa  aolutloo  of  (CJ.)-Al  and  (n-C.B.O).Tl 
Uaglar  eatalyat  a ad  than  laawd lately  admitting  acatylfa*  gaa  at  aay  prdaeure 
tna  a  faw  eantlaatara  ay  to  ea  l  atanephara  praaaura.  Tha  cobaalwo  fila  growa 
daring  a  faw  toeooda  to  1  boor,  day  an  ding  on  tha  praaaura  of  aeotylona  and 
ta^oratora  aaployod,  an  all  aorfaeaa  which  hawa  boon  not  by  tha  eatalyat  eo- 
latlea.  If  a  polyarlaatlon  fpatafara  of  M-7I*C  la  oaad,  tha  fUn  la 
farnad  alaoat  to op lately  aa  tha  tia-leooar;  If  a  teaperacure  of  1S0*C  la  wood 
(dacaan  aalvoat)  the  fUa  la  formed  aa  tha  ttane-lannar.  With  roan  tampere- 
taro  polyaarl  ration  tha  flla  la  approximately  901  cla-  and  10*  ttaae-iaeaar. 
Tha  tit-1 aonar  aay  bo  tenreaiaatly  aoovartad  to  tha  trana-laonar  (tha  thetao- 
dyaaad tally  atabla  fata)  by  heating  at  M  200*  far  e*  1  hour. (1-4).  Bath  rad 
gala  of  (O),  (9)  aay  be  prepared  ualng  lower  eatalyat  concent  rat  Iona.  Thaoa 
aay  ba  f renal-dried  ta  yield  highly  parona,  wary  law  deaalty,  "faan-llka" 
<(■>„  (J). 


Electron  microscopy  studios  shorn  choc  ths  os  formed  (CHI  films  consist 
of  randomly  or lenesd. fibrils  (typical  fibril  diameter  ca  ZOOAJ.  The  bulk  den¬ 
sity  Is  cs  0.4  ga/a»  compared  with  1.2  p/aJ  as  obtained  by  flotstlsa  tech¬ 
niques  .  this  shows  that  the  polymer  fibrils  fill  only  about  one  third  of  ths 
total  voluoe.  X-ray  studies  show  that  the  films  arm  polycrystalline  with  In¬ 
terchain  spacing  of  approximately  3. (A  (1-4). 

(3)  DOBING  OF  (CH>L  FILMS 

Shea  either  els  or  trans  (CH)  films  are  exposed  to  electron  attracting 
substances  such  as  Sr,,  Ij,  As?,,  HjSO^,  HCIO^,  etc.  vapor,  they  bseoce 
"doped"  with  the  species  sad  their  electrical  and  optical  properties  change 
markedly  (See  Table  I)  (6,7).  They  may  also  be  readily  doped  electrocbeel col¬ 
ly  to  yield  compositions  such  as  JCHIggjl^,  tCH(C104)„  W4J]S, 

(CH(As?4),  077!x,  etc.  (8).  Salta  containing  the  (KOj  or  CSO^)*  tons,  such 
as  (H02)  tSbF^)-, also  ace  as  good  dopants  (7)  o.g. 

(CH)X  ♦  O.D5xCi02)+(Sb?t)"  ♦  JCH(Sb?4)0  050!i[  ♦  O.OSxSOj 


All  these  dopants  «•  electron-attracting  species  and  may  be  considered  es  "p- 
type"  dopants. 

Most  of  the  physical  studies  on  doped  (CH)  films  have  been  carried  out 
using  I,  or  As?.  as_dopents.  Homan  studies  have  shown  that  ths  iodine  is  pre¬ 
sent  ss  the  3  I  “  ion  (9,10).  This  implies  thee  the  (CH)  chain  must 
therefore  exist  00*0  polycarboalum  ion.  The  nature  of  the  AS?,  species  la 
still  somewhat  uncertain.  Elemental  analyses  (Table  2)  (6,ll)Tiave  given  dif¬ 
ferent  results ,  possibly  because  of  slight  differences  in  doping  procedure  or 
purity  of  the  As?,,  which  frequently  contains  HF.  If  the  dopant  species  con¬ 
tains  arsenic  and7 fluorine  in  the  ratio  of  1:3,  then  it  may  be  present  as  the 
diamagnetic  (IsJjJ*1  lon(12) .  If  it  contains  ths  slassnts  in  ths  ratio  of 
1:6,  than  it  Is  presumably  prassnt  as  ths  (As?()~  Ion.  Fhotoelaccron  space ro- 
scopy  (12)  shoos  ths  principal  a peel as  bos  tbs  empirical  formula  As?,  whereas 
X-ray  absorption  (13)  and  I/K  data  (13)  lndlcats  ths  prssonca  of  the  (As?4) 
Ion.  The  latter  torn  could  arise  through  one  (or  both)  of  the  wo  possible  re¬ 
actions  below: 


rCH(Aar,>yJx  ♦  yHF 
(CH)x  ♦  3qAs?j 


*“wy«-V?* 

[CH+2,(Aa?.)'  ),  +  qAs?, 


Pscrren  donating,  l.o.  "n-typo"  dopants,  may  else  be  Introduced  faro 
(CH)  films  (6,14)  (Sea  Table  1)  simply  by  banning  ths  film  In  a  THF  solu- 
tloa  of  o.g.  aodltei  nsphthelldo,  win. 

(CX>m  ♦  0.21a»mflpth*  *  0^, ^(0)1,  ♦  0.21>Hpth 

The  (CH)b  chela  In  these  naterlale  nay  ha  considered  as  e  polycsrtotlm  ism. 


Hhas  pure  polyacetylemn  is  doped  with  a  demor  er  an  acceptor,  ths  elec¬ 
trical  conductivity  Increases  sharply  over  many  ordan  of  nagnltvda  at  lew 
eameantrstlon,  them  saturates  et  hlgtmr  dopaat  levels,  above  appmdmately  IX 
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fabricat'd  ha  (CH)  (1* ,21). Ia  addition,  racanc  icudlw  show  that  •  joed  pho¬ 
tovoltaic  efface  nay  so  obsaraod,  whan ,  for  exaapla,  a a rant  (p-type)  (CH)  la 
la  contact  with  a  crystal  of  (n-cypa)  ZaS  (21).  Such  syatant  say  hava  potea- 
tlal  oaa  la.  low- coat  t a rra a t r la  1  tolar  snarl y  production. 

(7)  C0HCLPS10KS  ~  -ftf 

^  ia  can  ha  taaa  fro^fljura  4^«hlch  cootaloa  a  Hat  of  conductivities  of 
eiooio  aubataocaa ,  (CX)Jpla  Suita  raoarlcabla  la  that  Ita  conductivity  can  ho 
raadlly  nod If lad  to  span  aa  extraordinarily  large  range.  Coo a  Ida ring  possible 
polyacatylano  derivatives,  roplacaaoot  of  tooa  or  all  of  the  hydrotan  ateao  la 
(CH)S  with  organic  or  loorgaale  groups,  copolymortaaclon  of  actcylaos  with 
othor  acatylanaa  or  olafloo,  and  ths  use  of  different  dopaaea  should  lead  to 
the  dovolnpaant  of  a  largo  sow  class  of  conducting  organic  polyoars  with  sloe- 
trlcal  proportlos  that  coo  ho  controlled  over  cho  full  range  froa  Insulator 
to  a anl conductor  to  natal. 
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TABtE  I 

DOPAKTS  FOH  (C8) 


ela-(CH)x 

trana-(CH)T 

A.  n-tToa  (alaetron-attractlng  dopanta) 
trana-(CH(HBr)0_w)x 
trnna-(ata002lx 
trann-(CKBr0  M1X 
trana-(CK8r0  M]x 
da-(CH(ICl)0  14)x 


“‘eBI0.20l, 

Vl s)x 


dn-CaUo.3oJ, 

trana-rCHIp.ij], 
tra 

ela-(CH(Ilr)c 
trana-ICa(AaFj)OOJ]x 
trana-(CH{A.Fs)0>10lx 

1-tOI<A*'5)0.10J* 

(carnwiD  oh  hext  pace) 
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Con<iu|tlrl|y 

23*0 


1.7  z  10 
4.4  x  iO-5 

7  x  10*4 
1  x  10" 4 
J  x  10"1 
4  x  IQ-1 
3  x  101 
3,3  x  10* 
3.0  x  10* 
1.6  x  10* 
6.0  x  10* 
7  x  101 
4.0  x  10* 
1.2  x  10S 


TABLE  X  (COffrCTOED) 


el*-fO!fHJSOt)01Mff20)0  070)x 

1.3  x  10' 

e**-f“<BC10*>0.127  0  40)0.297l, 

1.2  x  10' 

«4.-[oi(sbr6)00J0lx 

4.0  s  10‘ 

«la-[CH(C104)0>0445lx 

9.7  x  10 

ds-[CH(A»7t)0  077)x 

2.0  x  10 

*.  n-cvpa  (alnccroa-donatini  dopant-;; 

ela-IUo.jo^lx 

2.0  x  10' 

23 

30 

trana-[;;a078(CH) 

ao 

*"ds"  or  "trass"  xafara  to  tho  principal 

laoaorie  coopoaltlon  balora  doping 


t»Li  n 

AKALTSES  or  Mj-OOVTD  (CH)^  mus 


»c  II _ t  As  XT _ I°tal 


Calc,  for 

tOKA.Vo.il, 

37.64 

3.17 

23.46 

35.71 

100.00 

Cole,  for 

t<*i.i(*Vo.il, 

37.33 

3.46 

23.40 

35.61 

10C.0O 

Found 

37.67 

3.69 

23.73 

33.81 

100.90 

Calc,  far 


(C«(AoTj)om,]x 

40.13 

3.61 

24.10 

31.44 

100.00 

39.86 


3.73 


24.69 


31.48 


99.78 
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